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Abstract 
Cardiac activity has long been considered as a psychophysiological marker of adaptive 
psychological adjustment.  Irregularities in autonomic nervous system activity have long been 
implicated in both externalizing and disinhibitory behaviors. The present study used a battery 
of assessments in children ages 4.5-5.5 years to examine the relation among disinhibitory 
measures.  Additionally, cardiovascular activity and reactivity was examined.  Mothers rated 
impulsivity and internalizing/externalizing behaviors. Reward-dominance and passive-
avoidance response inhibition (i.e., via errors of commission) tasks were included.  Results 
showed that behaviorally uninhibited children began with an attenuated sympathetic response 
(i.e., lengthened pre-ejection period) to an interview with a novel experimenter, while 
inhibited children began with a high level of sympathetic activity.  Further, behavioral 
impulsivity was related to low sympathetic activity at rest.  Consistent with theories of 
disinhibition, externalizing behaviors and measures of behavioral impulsivity were related to 
a reward-dominant response style. Findings are discussed with regard to motivational theories 
of behavior. 
Keywords: Respiratory sinus arrhythmia; Pre-ejection period; Temperament; Impulsivity; 
Externalizing behaviors. 
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Behavioral inhibition is a temperamental quality one can see in children as they learn 
to interact with their expanding social environment.  In interacting with the environment, a 
child can be characterized as shy or sociable, introverted or extraverted, fearful of novel 
stimuli and adults or engaging with novelty, and generally timid or outgoing.  These pairs of 
classifications describe behaviorally inhibited and behaviorally uninhibited people, 
respectively.  Children may exhibit extremes of inhibition, reflecting different possible future 
pathologies.  Extremely inhibited children may be at risk for future psychopathologies (such 
as anxiety disorders) and health effects (Kagan, Reznick, & Snidman, 1987; Rubin, Stewart, 
& Coplan, 1995).  Uninhibited children may be at risk for externalizing disorders (Rothbart, 
Posner, & Hershey, 1995) and problematic social and moral interactions (Chen, Chen, Li, & 
Wang, 2009).  Although a child that is uninhibited may not experience psychopathology, a 
combination of risk factors could predispose a child to such an outcome.  Two sub-domains 
of a greater construct are behavioral inhibition and behavioral impulsivity, and these may be 
predicted to produce similar outcomes, behaviorally or physiologically.  Indeed, Rothbart et 
al. (1995) linked the absence of extraverted behaviors (e.g., impulsivity) combined with the 
presence of behavioral inhibition (i.e., fear) to the prevention of future psychopathology, such 
as externalizing behaviors.   
The research reported here explores topics that have rarely been integrated in 
developmental research, with the aim of finding common correlates to disinhibited behaviors 
in young children prior to entry to school.  Thus, the topic of behavioral inhibition and 
impulsivity as possible sub-domains of disinhibition explained by similar motivational 
tendencies and autonomic indices will be explored here. One branch of characteristics that 
has been associated with early onset of externalizing psychopathologies is the lack of 
behavior control underpinned by physiological substrates such as autonomic nervous system 
irregularities. 
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Autonomic Nervous System Irregularities and Disinhibited Behaviors  
The autonomic nervous system is classically divided into two subsystems: the 
parasympathetic nervous system (PNS) and the sympathetic nervous system (SNS).  
Sympathetic and parasympathetic divisions are sometimes viewed as functioning in 
"opposition" to each other;   sympathetic activity increases heart rate, while parasympathetic 
activity decreases heart rate.  However, studies that consider each branch of the autonomic 
nervous system independently are limited since each system does not operate independently.  
Rather, it is the case that multiple physiological systems are in a perpetual process of 
coordinated fine-tuning to meet individual and environmental demands (Bauer, et al., 2002).  
Of importance to the present study, under conditions of chronic intense stress in which stress 
response systems are excessively activated, physiological systems may become dysregulated, 
thereby contributing to the behavioral precursors of externalizing (Bauer, Quas, & Boyce, 
2002)  as well as internalizing disorders. 
SNS Activation  
The SNS is activated in response to stress, enabling the body for a fight-or-flight 
response by increasing heart rate and oxygen flow throughout the body (Boucsein, 1992).  
However substantial individual differences characterize SNS activation (Fowles, Kochanska, 
& Murray, 2000).  
Low SNS activation seems to be linked with externalizing disorders. Across a 
systematic series of empirical investigations low baseline heart rate (which has usually been 
assumed to reflect an underaroused SNS) has been documented in school-aged children, 
adolescent and adult samples with externalizing problems (see Ortiz & Raine, 2004).  Most 
importantly low resting heart rate in late childhood has been found to be predictive of 
criminality in adulthood (Raine, Reynolds, Venables, & Mednick, 1997).  It has been 
postulated that low SNS arousal may be a genetic precursor for aggressive behavior (Raine, 
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Venables, & Williams, 1990). If this postulation has grounds, then one might expect to find 
low SNS in younger children who may be showing signs of early behavior problems.  Indeed, 
Beauchaine and colleagues utilizing a more direct indicator of SNS activation, the cardiac 
pre-ejection period (PEP), have documented  attenuated levels of SNS activation (i.e., 
lengthened cardiac PEP) both at baseline as well as during reward conditions in adolescents, 
but also importantly preschoolers with clinical levels of conduct problems (Beauchaine, 
Gatzke-Kopp, & Mead, 2007). PEP is an estimate of the time between the electrical initiation 
of the heart beat and the time that blood is ejected into the aorta (Sherwood, et al., 1990).  A 
short time between the electrical signal and the ejection of blood is taken as greater SNS 
activity.  Pre-ejection period has been found to be a reasonable marker of sympathetic 
activity in laboratory conditions in children (Quigley & Stifter, 2006). 
Several theoretical accounts have been proposed to explain the association between 
low SNS arousal and externalizing problems.  The stimulation-seeking theory (see Eysenck 
& Gudjonsson, 1989) argues that the common biological condition underlying serious 
patterns of conduct problems involves the inheritance of a nervous system which is relatively 
insensitive to low levels of stimulation. It is argued that individuals with such a physiotype, 
will be extraverted, impulsive, and sensation seeking because under conditions of relatively 
low stimulation they find themselves at a suboptimal level of arousal which is aversive. To 
increase their arousal, many will participate in high-risk activities.  
In terms of linking patterns of disinhibited behaviors, Kagan et al. (1984) found that 
4-year-olds who were rated as extremely behaviorally uninhibited  at 21 months had lower 
and less stable heart rates (indicative of higher variability in heart rates) during two baselines 
and during cognitive tasks than their inhibited counterparts.  Similar results were found when 
the children were assessed 18 months later (Reznick, Kagan, Snidman, Gerste, Baak, & 
Rosenberg, 1986).  Kagan, Reznick, and Snidman (1988) also reported a moderate correlation 
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between behavioral inhibition and urinary norepinephrine levels (reflecting primarily 
peripheral norepinephrine activity).  Norepinephrine is a primary neurotransmitter of the 
sympathetic nervous system (Kagan et al., 1988).  Because behaviorally uninhibited children 
are less fearful in novel situations, they may show less sympathetic activity at rest than 
inhibited children.  However, the links between behavioral inhibition and PEP have not been 
very strong in prior research (Buss, Davidson, Kalin, & Goldsmith, 2004; Buss, Goldsmith, 
& Davidson, 2005; Talge, Donzella, & Gunnar, 2008), although a few do support an 
association between low fearfulness and longer PEP values, indicating low sympathetic 
arousal (Buss, et al., 2004; Buss, et al., 2005). It may be that this branch of the autonomic 
nervous system is not as responsive in young children (Quigley & Stifter, 2006).  
PNS Activation 
Vagal tone is considered to reflect the level of activity in the PNS as indexed by 
respiratory sinus arrhythmia (RSA) or cyclic increases and decreases in heart rate during 
respiration (Katona & Jih, 1975).  Because vagal outflow is inhibitory, increases in vagal 
efference during exhalation result into heart rate deceleration; decreases in vagal efference 
during inhalation results into heart rate acceleration. This happens because excitatory 
sympathetic influences operate relatively unrestricted during periods of vagal withdrawal, 
which is explained by Porges’s polyvagal theory (Porges, 2003). The phylogenetically newer 
branch, the smart vagus which mediates RSA is found only in mammals, and evolved under 
the need to vigorously regulate the increased metabolic output. This includes modulation of 
fight/flight responding that serves social interaction. Engagement in social interaction 
requires sustained attention, which is accompanied by vagally mediated heart rate 
deceleration (Suess, Porges, & Plude, 1994). In contrast, fighting and fleeing are 
characterized by anger and panic, respectively, which are associated with vagal withdrawal 
resulting in heart rate acceleration (Porges, 1995; Porges, 2003). This facilitates large 
Disinhibited Behaviors     7 
 
increases in cardiac output by the sympathetic nervous system (SNS), which is no longer 
opposed by inhibitory vagal influences. Thus, the smart vagus inhibits acceleratory SNS input 
to the heart when attention and/or social engagement are adaptive, and withdraws this 
inhibitory effect when fighting or fleeing are adaptive.  Thus, the polyvagal theory predicts 
that emotion regulation and social affiliation are an outcome of the regulatory functions of the 
smart vagus. Consistent with this notion, high resting RSA has been linked to appropriate 
emotional reactivity (Stifter & Fox, 1990), children’s social engagement (Fox & Field, 1989), 
social competence (Eisenberg, Fabes, Murphy,  Maszk, Smith,  & Karbon, 1995), and 
enhanced attentional ability (Suess, et al., 1994). Several studies have linked high RSA in 
newborns with positive developmental outcomes, suggesting that high RSA is an important 
physiological marker of appropriate engagement with the environment (Hofheimer, Wood, 
Porges, Pearson, & Lawson, 1995). In contrast children with low RSA have been considered 
at risk because they may have difficulty attending and reacting to environmental stimuli 
(Porges, 1991; Wilson & Gottman, 1996). Consistent with this notion, decreased RSA tone 
has been reported for antisocial children and adolescents (Beauchaine, Katkin, Strassberg, & 
Snarr, 2001, Mezzacappa, Tremblay,  Kindlon, et al 1997), as well as for trait hostile adults 
(Sloan, Shapiro, Bigger, Bagiella, Steinman, & Gorman,1994). 
Beyond resting RSA, a dimension of PNS activation that would be important to 
consider in the context of externalizing psychopathologies is vagal reactivity in response to 
challenge. In other words, this RSA reactivity measure indicates the extent of decrease 
(suppression) in RSA during situations where coping or emotional and behavioral regulation 
is required. While low resting RSA has been reported to be strongly intertwined to 
diminished capacity for suppression of RSA to meet environmental demands, they may be 
differentially related to temperamental reactivity and regulation (Calkins, 1997; Huffman,  
Bryan, del Carmen, Pedersen, Doussard-Roosevelt, & Porges, 1998). Suppression of RSA 
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during demanding tasks has been considered to reflect physiological processes that allow the 
child to shift focus from internal homeostatic demands to demands that require internal 
processing or the generation of coping strategies to control arousal. Thus, suppression of 
RSA is considered to be a physiological mechanism that mediates sustained attention and 
behaviors indicative of active coping that are mediated by the parasympathetic nervous 
system (Porges, 1996; Wilson & Gottman, 1996). Suppression of RSA during challenging 
situations has been reported to be related to better regulation, greater self-soothing and 
attentional control in infancy (DeGangi, DiPietro, Porges, & Greenspan, 1991; Huffman et 
al., 1998), fewer behavior problems and more appropriate emotion regulation in preschoolers 
(Calkins, 1997; Porges, Doussard-Roosevelt, Portales, & Greenspan, 1996; Calkins & 
Dedmon, 2000), and sustained attention in school-age children (Suess et al.,1994). On the 
other hand escalated RSA reactivity to various challenges has been observed in 
temperamentally shy (i.e., behaviorally inhibited) and angrily reactive children (Donzella, 
Gunnar, Krueger, & Alwin, 2000).  Additionally, social behavior may elicit changes in 
autonomic activity that depends on shorter time intervals of reactivity. For example, although 
the findings only indicated a trend toward significance, Schmidt, Fox, Schulkin, and Gold 
(1999) found that uninhibited 7-year-olds preparing to give a speech decreased 
parasympathetic activity and subsequently increased it during the following minute of the 
task.  Temperamentally inhibited children continually decreased parasympathetic activity 
during the entire duration of the task. Consequently, it is plausible that while the ability to 
suppress RSA is related to complex responses involving the regulation of attention and social 
behavior, a deficit in this ability is implicated in early display of behavior problems (Porges, 
1996). 
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While autonomic irregularities are well documented across empirical investigations 
these irregularities have not been systematically be seen in the context of a comprehensive 
theoretical framework. One such theoretical framework is Gray’s Motivational Theory. 
Gray’s Motivational Theory, SNS activity and Motivational Tendencies  
Gray’s Motivational Theory (1970) elaborated further  by Fowles (1980) is one of the 
very first theoretical frameworks that attempted to explain disinhibited behaviors with 
reference to the behavior activation system (BAS)
1
 and behavior inhibition system (BIS). On 
the basis of Gray’s theoretical framework, when BAS is activated it governs behavior 
towards reward. This system is mediated by dopaminergic pathways including the ventral 
tegmental area and the nucleus accumbens of the ventral striatum. These neural structures are 
infused with dopamine following appetitive behaviors, resulting in pleasant affective state 
(Nader, Bechara & Van der Kooy, 1997).  It has been suggested that low central dopamine 
activity may lead affected individuals to seek larger and larger rewards to achieve the 
reinforcing levels of pleasure (Laakso,  Wallius, Kajander, Bergman  Eskola & Solin , 2003).  
In contrast to the BAS, the BIS is activated when conflict occurs between competing 
motivational goals (e.g. the classic approach-avoidance conflict). The BIS inhibits appetitive 
responding when aversive consequences are anticipated.  BIS activation results in arousal and 
experience of anxiety, which in turn causes inhibition of ongoing behaviors and the initiation 
of information processing for resolution of the conflict (Wallace, Malterer & Newman, 
2009).  An under-responsive BIS has been linked to disorders of disinhibition while an over-
responsive BIS has been linked to internalizing disorders (Beauchaine, 2001). Under this 
account, behavior disinhibition occurs because punishment cues do not elicit anxiety which in 
turn would inhibit appetite responding when competing reward contingencies are present.  
                                                 
1 In his early writings Gray(1970) used the term reward system to refer to behavior activation system. Gray  subsequently (see Gray 1987 a) 
adopted the term  behavioral activation system coined by Fowles (1980). In more recent writings Gray (see Gray & McNaughton, 1996) 
suggested that the term behavioral approach system be used. 
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When it comes to BAS, the argument becomes more speculative since the evidence is 
indirect. Overresponsiveness to reward for instance has been considered to be indicative of an 
atypically heightened BAS.  That is, several researchers have postulated  heightened  BAS 
(Fowles, 1980) as the likely neural substrate for the excessive reward-seeking behaviors 
characteristic of externalizing psychopathology (Beauchaine, 2001; Beauchaine, Katkin, 
Strassberg, & Snarr, 2001; Cloninger, Svrakic, & Svrakic, 1997; Quay, 1988).  
The Present Study 
Impulsivity is evident in “syndromes of disinhibition” proposed by Newman (1987).  
These syndromes include psychopathological disorders such as psychopathy and 
externalizing behaviors as well as impulsivity.  Impulsivity is believed to be characterized by 
a strong approach motivation to rewards in one’s environment (Newman, 1987).  This 
response style which is evident in laboratory tasks has been labeled “reward dominance” 
(Newman & Kosson, 1986).  In one study, 3- to 5-year-old uninhibited children showed 
heightened physiological arousal when playing a memory game involving prearranged 
winning and losing streaks, compared with inhibited children (Donzella, Gunnar, Krueger, & 
Alwin, 2000).  Thus, uninhibited children also appear to be highly motivated to obtain 
rewards and to experience high arousal in their pursuit.  The large number of passive 
avoidance errors in groups with uninhibited temperaments indicates the high value placed 
upon potential rewards by these populations, whereby they often fail to inhibit their responses 
to punished items. However, White et al. (1994) proposed multiple facets to the construct of 
impulsivity, such that cognitive impulsivity reflects a lack of planful and effortful cognitive 
performance, particularly when shifting mental attention.  Behavioral manifestations of 
impulsivity such as motor restlessness or impatience/impersistence represent the other type of 
impulsivity (behavioral impulsivity; White et al., 1994).   Behavioral inhibition may be 
related more to measures of behavioral impulsivity than to measures of cognitive impulsivity.  
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Indeed, behaviorally uninhibited 4-year-olds were more likely to show restlessness in the 
laboratory than inhibited children (Kagan et al., 1984).   
The goal of the present study was to examine behavioral inhibition and two types of 
impulsivity, and their relationship to each other and to cardiovascular function in a general 
population of pre-school children.  There are a number of reasons for focusing on this 
preschool period.  First, the personality constructs being examined are assumed to be 
relatively stable and apparent early in life (Reznick, et al., 1986).  For example, Kagan, 
Reznick, Snidman, Gibbons and Johnson (1988) found that temperamental styles were 
relatively stable in children who were assessed continually from the age of 21 months to 5 ½ 
years.  Second, in the years before a child enters school they are learning to inhibit and 
control their own behavior, often with less parental guidance over time (Livesey & Morgan, 
1991).  Third, the preschool years are important also because adult antisociality can be linked 
with behaviors seen in childhood (Robins, 1966). 
In the present study, we used a multi-level approach, such that measures included a 
multisource, multimethod battery of impulsivity, as was done in White et al. (1994).  We also 
used measures of uninhibited behaviors, externalizing symptoms, and cardiovascular 
psychophysiology.  Our goal was to (a) assess the relation between impulsivity measures and 
other forms of disinhibited behaviors such as a lack of inhibition in novel social interactions, 
and externalizing symptoms; and (b) examine the link between cardiovascular 
psychophysiology and disinhibited behaviors inclusive of lack of inhibition in novel social 
interactions and externalizing symptoms. The primary prediction of the present study is that 
behavioral inhibition would be more related to measures of behavioral impulsivity than to 
measures of cognitive impulsivity. 
Kagan et al. (1984) found that uninhibited children had lower heart rates than 
inhibited children, and we will investigate this possibility in our normative sample of 
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children.  However, we used heart period, which is the inverse of heart rate, because heart 
period has a more linear relationship than heart rate with underlying autonomic changes that 
mediate short-term cardiac changes (Berntson, Cacioppo, & Quigley, 1995).  Thus, we expect 
longer heart periods for more strongly uninhibited children. In general, we expect more 
strongly disinhibited participants to show higher basal parasympathetic activity (higher RSA) 
and lower basal sympathetic activity (longer PEP) than the more strongly inhibited 
participants.   
Phasic physiological activity will be measured during an interview with a novel 
experimenter and during a passive-avoidance task, in which children must control their 
responding to go and no-go stimuli.  Individuals with high parasympathetic activity (i.e., high 
RSA) typically suppress RSA to appropriately attend to their environment.  Those who do not 
suppress RSA may be dysregulated with their environment (Porges et al., 1994). Thus, a 
normal response for activities requiring attentional processing (such as speaking with a novel 
experimenter or playing a challenging computer game), is a decrease in RSA reactivity 
(Beauchaine, Gatzke-Kopp, & Mead, 2007).   We expect children who show more behavioral 
uninhibited behaviors to have an exaggerated increase in parasympathetic activity or to fail to 
suppress parasympathetic activity, thereby failing to consider environmental cues in guiding 
their approach response.  In contrast, we expect the more strongly behaviorally uninhibited 
children to show less sympathetic activity (i.e., longer PEP) to speaking with a novel 
experimenter.  We will also examine the response of behaviorally inhibited and uninhibited 
children to the social situation minute by minute (Schmitt et al.).  An expected average 
response to the passive-avoidance task would be an increase in sympathetic activity and an 
accompanying decrease in parasympathetic activity.  Presumably, those children who are 
more engaged and who seem to care more about winning would show an enhanced 
sympathetic response (Donzella, et al., 2000).  Thus, more strongly disinhibited participants 
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are predicted to have an exaggerated increase in sympathetic activity (i.e., a shortening of 
PEP) than their less strongly disinhibited counterparts. 
Method 
Participants 
Participants were 38 Caucasian preschool children (16 girls and 22 boys) between 
the ages of 4 ½ to 5 ½ years (M = 62.8, SD = 3.3 months) from the community of a small 
Northeastern city in the USA.  They were recruited as part of a longitudinal study of 
children’s socio-emotional behavior and physiology.  Ninety-two percent of the parents 
who gave consent were either married or remarried and 18% of the children lived with a 
divorced parent.  61% lived in households where the parent(s) income was reported 
between $50,000 and $99,999 annually, 21% comprised those with incomes between 
$35,000 and $49,999, 7.9% comprised those with incomes between $15,000 and $34,999, 
and 7.9% comprised those with incomes between $100,000 and $199,999.  Only one 
family reported an income between $0 and $15,000.  The average length of parent 
education was 14.18 years (SD = 1.35).  Thus, most families were in the middle-class to 
upper middle-class range with more than a high school education.  
Measures 
 Peabody Picture Vocabulary Test (PPVT; Dunn & Dunn, 1997).  To ensure 
that verbal ability did not covary with performance on any of the tasks, we administered 
the PPVT to all participants.  The PPVT is a brief norm-referenced measure of verbal 
ability for those aged 2.5 to 90 years.  This test assesses a child’s receptive language 
abilities.   The standardized scores of the third revision of the PPVT correlated .90 with 
the Full-Scale IQ scores from the Wechsler Intelligence Scale for Children, Third 
Revision in a sample of 41 children aged 7 years, 11 months through 14 years, 4 months 
(Dunn & Dunn, 1997).  The correlation with Verbal Scale IQ was slightly higher than the 
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correlation with Performance Scale IQ (.91 and .82, respectively). 
 Response inhibition tasks measuring errors of commission. 
Passive avoidance computer task.  This task was modified from Newman and 
Kosson’s (1986) research with psychopaths, where impulsive psychopaths commit more 
errors of commission than nonpsychopaths when rewards and punishments are both possible 
outcomes. A simple go/no-go task was used to assess passive-avoidance performance. Six 
black and white drawings of animals were presented via a computer monitor for varying 
amounts of time (decreasing from 1200ms to 600ms for the last set of 9 stimuli). Each set of 
nine stimuli consisted of four rabbits (the target animal) and five distracter animals (an 
elephant, a frog, a buck, a kangaroo, and a polar bear).  The interval between one stimulus 
offset and the onset of the succeeding stimulus was 100ms during which the computer 
monitor displayed a fixation point in the center of the screen.  Participants were asked to 
press a key as soon the rabbit (the go stimulus) was presented, but not to press any key when 
other animals were presented.  The picture disappeared from the screen either in response to a 
key press or when the presentation time elapsed.  Tones signaled the accuracy of a response, 
and the computer recorded the number of errors of commission or false-alarms (i.e., pressing 
the key to any other animal than the rabbit), which were submitted to a log transformation to 
normalize the variable.  
Reward/punishment and punishment only go/no-go tasks.  This task was modified 
from Newman and Kosson’s (1986) research with psychopaths, and indicated the ability to 
withhold responding in the face of  rewards and punishers, but were not different from 
nonpsychopaths when only punishers were used.  For this task, treats were given and 
removed to reward and penalize correct and incorrect responses. Two sets of four animal 
pictures were used (a dog, cat, pig, and bee or a cow, duck, sheep, and owl) to create sets of 
20 pictures to be randomly administered to the participant.  Each set was randomly ordered 
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with the constraint that go or no-go stimuli could not occupy three consecutive slots. Each 
picture was presented for 1500 ms on a computer screen.  Participants responded to the go 
stimuli (two randomly chosen pictures) by making the sound of the animal before time 
expired. In between, the experimenter rewarded or penalized the participant by giving or 
taking a treat and then pressed a key to continue to the next stimulus.  Before beginning, the 
experimenter asked the participant to make the sounds of all the animals.  Any that were not 
known were demonstrated and the participant repeated the sound.  The experimenter then 
verified that the participant understood the task, by asking the child what they are to do when 
presented with each of the animal pictures.  There were two tasks that the participants 
completed, one with one set of animals and one with the other set of animals; the two tasks 
were counterbalanced for order.  For the task with rewards and punishers, participants began 
with five M&Ms or Pepperidge Farm cheddar Goldfish crackers and the examiner rewarded 
the participants with another one when they vocalized the sound of the animal.  The examiner 
took one away when the participant had a false-alarm, so they responded to a no-go item.  For 
the punishment-only task, the participants began with 10 treats and the examiner took a treat 
away when the participant had a false-alarm.    
Cognitive impulsivity. 
Circle-drawing task.  This task was modified from the circle-tracing task used by 
Bachorowski and Newman (1990) with extroverted and introverted adults, and was designed 
to assess cognitive impulsivity, such that the extroverted individual has difficulty delaying 
tracing to the end of a circle. White et al. (1994) found that children who completed the task 
more quickly showed more cognitive impulsivity, which was related to delinquency at age 10 
and 13.  In the circle-drawing task, the child used a crayon to follow a circular path, created 
from two concentric circles, on a sheet of paper, and the task was completed twice.  In both 
cases, the child was asked to draw a circle, staying within the circular track on the paper and 
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beginning and ending at a defined point: the beginning was marked with a green arrow, the 
end with a red stop sign.  In the first version of the task, the child was asked to simply draw a 
circle using the start and end points given.  The second time, the child was asked to draw the 
circle again as slowly as possible.  Consistent with Bachorowski and Newman (1990) and 
White et al. (1994), the time taken to move from the starting point to the ending point was 
measured for both versions of the task and the difference between the two times taken as the 
dependent measure.  After removing two outliers who were more than three standard 
deviations from the mean at the top part of the range, the circle drawing times were submitted 
to a square root transformation to normalize the variable for accurate interpretation of 
correlations.  Also, the variable was reversed so that greater values indicate faster completion 
times with the slow instructions.  Thus, the measure indexed greater impulsivity with greater 
values. 
Card-playing task.  This was a revised version of the card-playing task originally 
designed by Newman et al. (1987) to test reward dominance, where people may be 
hypersensitive to rewards in the presence of punishment cues.  A modified version of this 
task has been used with adolescents (O’Brien & Frick, 1996) and children (White et al., 
1994), which has distinguished between children with disinhibited problem behavior from 
other problem behaviors and has significantly predicted delinquency at age 10.   Twenty-five 
cards (8.5 x 11 inches) were prepared, each displaying two identical, complex, computer-
produced drawings.  Participants were first given five edible treats (i.e., M&M’s or goldfish 
crackers) and asked to say whether the two pictures on each card were the same or different.  
Participants were prompted for a response if none was given within 4 seconds.  The 
participant received one treat for a rewarded response and lost one treat for a punished 
response. The cards were presented to the child in a prearranged order of reward and 
punishment, thus rewards and punishers were non-contingent on the participants' responses.   
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The rewards and punishments were divided into five blocks of 5 cards: the first block of five 
cards contained four reward cards and one punishment card; the second block of five cards 
contained three reward and two punishment cards. Each subsequent block of 5 contained an 
additional punishment card.  The final block of five contained all punishment cards.  
Participants were told that they could stop the task at any time.  Participants were prompted 
after the second punishment card with the question, “Would you like to play again or would 
you like to stop?”  The number of cards voluntarily played by the participant was recorded.  
A greater number of cards played would indicate a greater level of reward dominance.  Given 
the skewness of this measure, the variable was transformed using a log transformation. 
 Behavioral impulsivity. 
 Children’s Behavior Questionnaire.  The CBQ is a caregiver report measure, 
which is designed to provide an assessment of temperament in children.  Individual 
differences are assessed on 15 primary temperament characteristics: Positive 
Anticipation, Smiling/ Laughter, High Intensity Pleasure, Activity Level, Impulsivity; 
Shyness, Discomfort, Fear, Anger/ Frustration, Sadness, Soothability, Inhibitory Control, 
Attentional Focusing, Low Intensity Pleasure, and Perceptual Sensitivity. Factor analyses 
of the CBQ scales identified three broad dimensions of temperament: Extraversion/ 
Surgency, Negative Affectivity, and Effortful Control (Rothbart, Ahadi, Hersey & Fisher, 
2001).  Six items from the entire CBQ were chosen for the present study to measure 
parent-rated impulsivity.  The items from the CBQ consisted of 1) usually rushes into an 
activity without thinking about it; 2) when practicing an activity, has a hard time keeping 
her/his mind on it; 3) will move from one task to another without completing any of them; 
4) usually stops and thinks things over before deciding to do something; 5) has difficulty 
waiting in line for something; 6) when s/he sees a toy or game s/he wants, is eager to have 
it right then.  These six items were combined with three items from the CBCL to measure 
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maternal-rated impulsivity, because they were found to predict delinquency in a child 
cohort (White et al., 1994): 1) can’t concentrate, can’t pay attention for long; 2) can’t sit 
still, restless, or hyperactive; and 3) impulsive or acts without thinking. 
 Observer-rated impulsivity.  Impatience/ impersistence and motor restlessness 
were coded from behaviors and comments made by the child during relevant segments 
using the coding guidelines of Lynam et al. (1991).  White et al. (1994) found impatience/ 
impersistence to be related to other measures of behavioral impulsivity, and significantly 
predicted delinquency at age 13.  The segments of the video to be coded were ones where 
the child would most likely evidence the behaviors of import here.  Ratings were made 
for every 3 minutes of the 12-minute Wizard of Oz video.  The warm-up computer game 
and the PPVT were longer than 12 minutes and were coded (using a 4-point scale) for 5-
minute blocks of the task.  Leftover blocks of time that were shorter than 5 minutes but 
longer than 1 minute were also coded to ensure completeness of data.    Impatience was 
coded from behaviors meant to shorten the duration of the testing session, such as asking 
to stop, complaining about time, reaching for the materials, or making mistakes without 
care.  Motor restlessness was indicated by physical movements inferred to be an 
expression of physical energy.  The amount of movement, such as repetitive behaviors, 
tugging or picking at clothes or body, handling materials roughly, and fidgeting, was 
coded.  If present, the behaviors were further coded as slight, mild, moderate, or strong 
using a 4-point scale: a slight presence (1), a mild presence (2), a moderate presence (3), 
and a strong presence (4).  Separate scores for motor restlessness and impatience were 
obtained.   
Fifteen percent of the videos (total of 6) were coded by two separate coders to test 
for inter-rater reliability.  After successful training, one coder coded all of the videos.  
Fisher’s intraclass correlation coefficients were computed for motor restlessness (ICC = 
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.78) and impatience (ICC = .77).  Intraclass correlations were used because they are 
considered more conservative than percent agreement or zero-order correlations for 
observations (Hunter & Koopman, 1990).  For both variables, scores were summed across 
tasks and an average score per minute was derived. These scores were submitted to a log 
transformation.  
 Assessment of Inhibition.  An interview immediately followed a presentation of 
some scenes from the Wizard of Oz.  The interview was done by a novel experimenter.  
During the interview, the child answered questions about the content of the video and 
emotions evoked by the clips presented.  Interviewers used a standard script, which asked 
participants to indicate how the scenes in the video made them feel.  This was done using 
a pictorial emotional rating scale so children could understand and answer (by pointing 
instead of talking if they wished) the interviewer questions more easily.  The interviewer 
asked about the content of the video to ensure participants had watched and understood 
the video.  All participants recalled specific content indicating they attended to the video. 
Child behavioral inhibition was coded during a warm-up computer game, the 
PPVT, and the child interview, such that each involved interacting with a novel 
experimenter.  The coding procedures were similar to prior research with children 
(Kagan, Reznick, & Gibbons, 1989; Reznick, et al., 1986).  In particular, five behaviors 
were coded:  1) the latency to leave the parent when entering the lab; 2) the percentage of 
time the child was within the parent’s reach was coded during the warm-up computer 
game (Kagan, et al., 1989); 3) the latency to point to the pictorial rating scale when 
prompted during the child interview; 4) the proportion of questions answered during the 
child interview was coded (Kagan, et al., 1989; Reznick, et al., 1986); 5) and the number 
of spontaneous or extraneous utterances during two tasks.  
Fifteen percent of the videos (total of 6) were coded separately by two research 
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assistants, to test for inter-rater reliability.   All six variables were dichotomized, each by 
visual inspection of their distribution, given their skewed distributions: this corresponded 
to a 75
th
 percentile split.  These items were then averaged to create the measure of 
uninhibited social behaviors, and the Cronbach’s alpha for this scale was .70.  In order for 
high scores to indicate stronger uninhibited behaviors, the latency to leave, the percentage 
of time within the parent’s reach, and the latency to point to the rating scale were reverse 
coded.  
 Externalizing and Internalizing Symptoms.  The Child Behavior Checklist 
(CBCL; Achenbach, 1991) is an empirically based parent report checklist used to classify 
children’s problems.  Factor analyses of ratings have consistently isolated two broad 
factors called Internalizing and Externalizing.  These broad factors are reflected in narrow 
bands (factors), such as Anxious/Depressed, Somatic Complaints, and Social Withdrawal 
that comprise the Internalizing score.  Aggression and Delinquency narrow bands 
comprise the Externalizing score (Achenbach, 1991).  In the present study, the 
externalizing scale was used, as well as the internalizing scale.  Because few fathers 
completed the questionnaires, only maternal ratings were used. 
 Physiological Measures. The electrocardiogram (ECG) and impedance cardiogram 
(ZCG) were recorded using disposable Ag-AgCl spot electrodes.  Pediatric spot electrodes 
were used to maximize participant compliance and comfort.  In addition, spot electrodes 
provide reliable measures of pre-ejection (PEP) period, which was the main dependent 
variable, assessed using impedance cardiography in the current study (Boomsma, De Vries, 
& Orlebeke, 1989).  Four electrodes were placed: one approximately behind cervical 
vertebrae, C4; one on the upper part of the sternum between the clavicles; one over the 
xiphisternal junction on the chest; and one over the thoracic vertebrae at approximately T6.  
These electrode placements ensured that the electrodes on the back were at least 3 cm above 
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and below, respectively, the two electrodes on the chest (Qu, Zhang, Webster, & Tompkins, 
1986). The electrocardiogram was recorded via two electrodes placed in a modified Lead II 
configuration over the distal right collarbone and lower left rib.   
 The ECG and ZCG were recorded using a Minnesota Impedance Cardiograph 
(Model 304B) connected to a laptop computer equipped with an A/D converter and data 
acquisition software.  Sampling for ECG and dZ/dt was set at 1000Hz and Z0 was 
sampled at 500Hz, with ECG and dZ/dt signals later decimated to 500 Hz for data 
processing.  Impedance-derived measures were reduced offline and ensemble-averaged 
following visual inspection of the impedance cardiographic waveforms and computer-
aided event detection.  The interbeat interval files were edited and analyzed using ANS 
Suites software (Department of Psychology, Ohio State University).  Editing the files 
consisted of scanning the data for outlier points with respect to adjacent data and 
interpolating to retain the interbeat interval time series.  Less than 1% of the data required 
interpolation. One-minute means were derived from the ensemble-averaged ECG and 
dZ/dt waveforms.  We calculated heart period (HP), which is the time between successive 
beats, because HP has a more linear relationship with underlying autonomic changes that 
mediate short-term cardiac changes than heart rate (Berntson, Cacioppo, & Quigley, 
1995).   
 PEP was calculated as the time between the onset of the Q wave of the ECG and 
the B point of the dZ/dt waveform (i.e., beginning of ejection).  Indeed, PEP is a measure 
of the changes in sympathetic effects on inotropic (contractility) function, rather than 
chronotropic (rate) function.  However, using similar methods to the present study, task-
induced changes in PEP have been shown in a previous study to be related to 
sympathetically mediated changes in heart period in adults (Berntson et al., 1994).   
 Respiratory sinus arrhythmia (RSA) was derived using the data from the ECG 
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following the method of Porges and Bohrer (MXEdit, ver.2.21, Delta Biometrics, Inc.) for 
each minute of HP data.  Respiratory rate and relative depth was derived from the 
impedance signal using methods described elsewhere (Ernst, Litvack, Lozano, Cacioppo, 
& Berntson, 1999).   
Procedure 
Prior to the study, parents were mailed two copies each of the CBCL (Achenbach, 
1991) and the CBQ (Ahadi, Rothbart, & Ye, 1993).  The parent who accompanied the 
child to the experimental session (typically the mother) was asked to bring the completed 
CBCL and CBQ questionnaires.  Parental informed consent was completed, and the 
CBCL and CBQ were retrieved from both parents where available.  Upon entering the 
testing room, the child was invited by a novel experimenter to play a warm-up computer 
game.  While the child was playing the warm-up computer game, another experimenter 
acquired written informed consent from the parent, obtained demographic data, and 
collected the CBCL and the CBQ, which were usually completed prior to the visit.  
With the parent nearby, the principal experimenter placed four impedance electrodes 
and two electrocardiogram electrodes on the child.  Stickers were offered to encourage 
compliance with the electrode placement procedures.  Then, the participant was seated on a 
wooden chair at a child-size wooden table.  During a 10-minute electrode stabilization period, 
the participant completed the first version of the circle-drawing task with no instructions on 
speed of completion. The Peabody Picture Vocabulary Test –Third Edition (PPVT; Dunn & 
Dunn, 1997) was also administered during the stabilization period, using the instructions for 
young children (Dunn & Dunn, 1997).   
Next, a video of selected scenes from “The Wizard of Oz” was shown to the child for 
12 minutes while the experimenter was out of the room. The last minute of the video 
(Dorothy’s reunion scene) was used as a “vanilla baseline,” since it was rated by independent 
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raters as low in intensity prior to the present study, and it directly preceded the tasks of 
interest.  Following the video, a novel experimenter approached the child to perform the child 
interview.  The principal experimenter returned to move a computer in front of the participant 
to administer the passive avoidance task, placing the keyboard on the table for the participant 
to use. After this, there was a cold pressor task and a hand-grip task, which were part of 
another study (Quigley & Stifter, 2006).  The participant was given more stickers for 
cooperating with the removal of the electrodes.  
 The participant was again seated and the second version of the circle-drawing task 
was completed with the instructions to draw slowly.  Finally, the card-playing task was 
completed.  In total, the sessions took about 1 ½ hours to complete. The participant and 
his or her parent were thanked and compensated $10 for their participation.  All 
procedures were videotaped for later coding of observational data. 
Missing Data  
 One participant refused to cooperate with the placing of electrodes.  Thus, 
cardiovascular data on 37 participants were available.  In addition, another participant’s 
impedance cardiography data for the entire session could not be scored due to electrical 
interference.  Moreover, one participant had no usable impedance cardiography data for the 
interview, and three participants had no usable impedance cardiography data for the passive-
avoidance task due to movement and electrical interference. 
Data Analysis 
 The shortest interview duration was 3.5 minutes.  Thus, the first three minutes of the 
interview were averaged where available to obtain HP, RSA and PEP.  In addition, if there 
were an effect of a novel experimenter on physiological responses to the interview, this 
would be expected to be maximal during the initial part of the interview. HP, RSA and PEP 
were averaged over the 2 minutes of the passive avoidance computer task.   
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 Creation of impulsivity scales.  Table 1 lists the descriptive statistics for the main 
study variables, using the non-transformed values for ease of interpretation.  To examine the 
relations among the impulsivity measures, we performed zero-order correlations and these are 
shown in Table 2.  Observed impatience was significantly related to observed motor 
restlessness (r (38) = .36, p < .05), as predicted.  However, consistent with other research 
(e.g., White et al., 1994), maternal ratings of impulsivity were not correlated with 
impatience/impersistence and motor restlessness.  We decided to combine the three items for 
several reasons.  Children are often required to sit still and follow instruction in a classroom 
or in a testing setting.  In the home, the child is usually not required to sit still and engage in 
structured play.  Hence, behaviors observed in the laboratory, which is a novel place to most 
preschool-aged children, will be very different from those observed in the child’s home. 
Combining ratings allows for the assessment of behaviors across various domains, which 
may provide greater predictability if one allows for the behavior to be coded as present 
whether it is observed in one setting or another (Kamphaus & Frick, 2002).  Consistent with 
White et al., the two cognitive impulsivity items (i.e., circle drawing task and card playing 
task) were combined.   
Results 
Relations Among Demographic Measures and Dependent Measures 
 The zero-order correlations among the study’s measures and the demographic 
measures were examined first.  Age in months was significantly related to performance on 
the circle drawing task (r (36) = .42, p < .05).  Older children drew more slowly when slow 
instructions were given.  However, older children were more restless during the session (r 
(38) = .33, p < .05).   Income was negatively related to maternal ratings of impulsivity (r (36) 
= -.35, p < .05). None of the other measures were related to verbal ability, gender, age, 
income or educational level. 
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The Relation of Impulsivity Measures to Other Disinhibition Measures 
 We first examined the relation between the two composite variables – cognitive and 
behavioral impulsivity – with uninhibited temperament and externalizing and internalizing 
symptoms.  The zero-order correlations are shown in Table 3.  Although there was a slightly 
stronger relation between an uninhibited temperament and behavioral impulsivity than with 
cognitive impulsivity, the correlation was nonsignificant.  The same was true for 
externalizing symptoms and behavioral impulsivity but again was nonsignificant.   
 When looking at the correlation between behavioral and cognitive impulsivity and the 
tasks where errors of commission could be made, only behavioral impulsivity was related to 
commission errors on the reward/punishment go/no-go task (r (38) = .37, p < .05).  As 
predicted, the number of commission errors on the reward/punishment go/no-go task was 
positively related to externalizing symptoms.  Of importance, the number of commission 
errors when only a punisher was used was not significantly related to externalizing 
symptoms.  Thus, it appears that children highest in externalizing symptoms committed a 
greater number of commission errors when rewards and punishers competed for attention in 
the go/no-go task. The commission errors on the computerized passive avoidance task were 
positively related to maternal-rated internalizing symptoms, but not externalizing symptoms.  
Participants who were higher in internalizing committed more errors of commission on the 
computer game, which was a timed task.  Maternal-rated externalizing scores were 
significantly related to maternal-rated impulsivity, which may be elevated because both 
scales were created using the CBCL and because they share method variance.     
Validity of Psychophysiological Reactivity 
 Repeated-measures ANOVAs were performed to investigate changes in children’s 
HP, RSA, and PEP over time.  Tests of within-subjects showed that HP differed significantly 
across tasks (F (2, 70) = 46.97, p < .05).  Effect sizes were computed as partial Eta squared 
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values. The effect of the tasks accounted for 57% of the variability in HP.  Planned contrasts 
showed that HP was significantly different between baseline and interview and between 
baseline and the computer task (F (1, 35) = 24.36, p < .05, partial Eta² = .41 and F (1, 35) = 
21.91, p < .05, partial Eta² = .39, respectively).  HP shortened for the interview task and 
lengthened for the computer task.  Thus, heart rate increased to the interview and decreased 
to the passive avoidance computer task. 
 RSA also differed across tasks (F (2, 70)= 29.72, p < .05).  The effect of the tasks 
accounted for 46% of the variability in RSA.  Planned contrasts showed that RSA was 
significantly different between baseline and interview and between baseline and the computer 
task (F (1, 35) = 24.80, p < .05, partial Eta² = .42 and F (1, 35) = 4.66, p < .05, partial Eta² = 
.12, respectively).  RSA decreased for the interview task and increased for the computer task.  
Thus, there was RSA suppression in response to the interview and an increase in RSA, 
indicating heightened PNS activity to the computer task. 
 The sphericity assumption with PEP was not met so the Greenhouse-Geisser 
correction was applied (Mauchly’s W  = .76, 2 = 8.25, p < .05).  PEP differed significantly 
across tasks (F (1.61, 49.98)= 3.69, p < .05).  The effect of the various tasks accounted for 
11% of the variability in PEP.  Planned contrasts with PEP showed no significant differences 
for the interview and the computer task (F (1, 31) = .00, p = n.s., partial Eta² = .00 and F (1, 
31) = 3.74, p = .06, partial Eta² = .11, respectively).  Although the effect was modest and 
nonsignificant, PEP shortened during the computer task.  In sum, there was a non-significant 
increase in SNS activity along with a significant increase in PNS activity to the passive 
avoidance computer task.  This would suggest a concomitant increase that is akin to putting 
on the ‘brake’ and the ‘gas’ at the same time. 
 Additionally, the responses were consistent across the task. The intertask consistency 
was investigated using intraclass correlations, given the need to look at consistency within 
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individuals.  The intertask consistency was high for HP and RSA (ICC (36) = .66, p < .001; 
ICC (36) = .64, p < .001, respectively), and this was particularly evident for PEP (ICC (32) = 
.97, p < .001).   Thus, PEP in particular does not discriminate and responds similarly within 
individuals to the two tasks.  
Psychophysiological Reactivity and Disinhibited Behaviors  
Zero-order correlations were performed between the baseline psychophysiological 
indices with an uninhibited temperament, behavioral and cognitive impulsivity, and 
externalizing symptoms, although uninhibited temperament was unrelated to externalizing 
symptoms (r (33) = .03, p = ns).  As expected, a positive and significant correlation between 
an uninhibited temperament and baseline HP was found (r (36) = .36, p<.05).  Specifically, 
highly uninhibited children showed longer baseline heart periods (i.e., lower heart rates).   No 
relation between externalizing and baseline physiological activity was found.  Behavioral 
impulsivity was positively related to baseline PEP, indicating that greater behavioral 
impulsivity was marked by less sympathetic arousal at rest given the longer PEP values (r 
(34) = .41, p<.05).   
For the interview, the most extreme responses would be expected to be elicited in the 
first minute of the introduction to the stranger. Thus, a repeated-measures ANOVA with the 
psychophysiological indices for baseline and the three minutes of the interview as the within-
subjects factor and the median split of behavioral inhibition as the between-subjects factor.  
Uninhibited and inhibited children differed with respect to PEP during baseline and the 3 
minutes immediately following (i.e., during the interview; F (3,96)= 2.98, p < .05).  The 
effect of these two activities for the two groups accounted for 9% of the variability in PEP. 
The contrasts indicated that there was a difference in PEP across the groups from the first 
minute (inhibited: M = 73.54, SD = 6.75; uninhibited: M = 74.72, SD = 9.00) to the second 
minute (inhibited: M = 74.72, SD = 6.38; uninhibited: M = 73.70, SD = 8.96; F (1,32)=9.10, 
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p< .05) of the interview. This interaction effect accounted for 22% of the variability in PEP.  
However, there was no significant interaction across groups from baseline to the first minute 
of the interview (F (1,32)= 0.48, p = n.s., partial Eta² =  .02) or from the second minute of the 
interview to the third (F (1,32)= 0.18, p = n.s., partial Eta² =  .01).   
Thus, the effect of the change from baseline to the interview occurred after the first 
minute of interaction with the stranger. As illustrated in Figure 1, inhibited children started 
with shorter values of PEP and remained so when first meeting the novel person. However, 
during the following minute, inhibited children lengthened PEP. Uninhibited children began 
with longer values of PEP and remained so during the first minute of the interview. During 
the second minute, they shortened PEP.  Both groups shortened PEP during the last minute, 
though the inhibited group remained more reserved.  The analyses with HP and RSA were 
nonsignificant. 
 Using partial correlations and controlling for baseline measures, no relations were 
found with psychophysiological reactivity to the passive avoidance task. 
Discussion 
 Consistent with predictions and prior research (Kagan, et al., 1984), highly 
uninhibited children showed longer heart periods (lower heart rates).  The consistency with 
prior research lends support to the validity of our findings.  However, we were able to extend 
our findings beyond those of prior studies by including an interaction with a stranger and by 
including multiple measures of disinhibition.  Contrary to the initial hypothesis, behavioral 
inhibition was neither linked to behavioral impulsivity nor to cognitive impulsivity.     
 Reactivity during a social interaction with a stranger was expected to differ for 
children with different temperaments.  Children who were highly uninhibited were expected 
to have lower sympathetic nervous system (SNS) reactivity to social novelty (Talge, et al., 
2008).  Post-hoc tests revealed that from the profiles of PEP reactivity shown for inhibited 
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and uninhibited children, it appears that uninhibited children began with low SNS arousal and 
relaxed or oriented more during the first minute. During the second minute, they seemed to 
have engaged with the examiner, as evidenced by their increase in SNS activity. Inhibited 
children began at a high level of SNS arousal and remained high when first meeting the novel 
person.  However, during the following minute, inhibited children relaxed as evidenced by 
their decreased SNS activity. Both groups increased SNS activity during the minute when 
they were most likely speaking to the examiner; however, the inhibited group remained a 
little more reserved. Admittedly, this explanation is post-hoc; however, the results are 
consistent with Kagan’s (1988) assertion that inhibited children have higher levels of stress 
hormones that are released by sympathetic activation.  Thus, it seems that children with 
observable and codifiable differences in their emotional responses to social novelty also 
differed in psychophysiological reactivity to the exact social situation to which they should 
show distinct responses. 
 The pattern of physiological responses seems to suggest that the presence of a novel 
person conducting the interview was perceived as nonthreatening to most of the participants, 
such that no changes in PEP were evident.  This may be because the parent was in the room 
when the unfamiliar adult entered.   Moreover, participants generally suppressed RSA during 
the interview, which could indicate attention to socially relevant stimuli that may be mediated 
by the parasympathetic nervous system (Porges, 1991, 1996; Wilson & Gottman, 1996).   
 The pattern of physiological responses to the passive avoidance task, suggests that the 
participants had, in general, concentrated their efforts on their performance in the task.  The 
experimenter emphasized speed and accuracy in the performance of the task for all 
participants, which seemed to have resulted in a coactivation of both branches of the 
autonomic nervous system.  A coactivation of both the sympathetic and parasympathetic 
branches may occur in response to challenge, such that the optimal or most adaptive 
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behavioral responses are more ambiguous in these environments than in familiar ones 
(Berntson et al., 1997).  Therefore, the pattern of physiological responses observed in the 
present study is consistent with the participants showing an active engagement with the 
passive-avoidance task.  However, the nonsignificant increase in PEP may indicate a more 
non-responsive SNS at this young age as compared to older people (Quigley & Stifter, 2006; 
Talge et al., 2008).  For example, Buss et al. (2004) found no differences in PEP, despite 
differences in heart rate and RSA in a group of toddlers.  Additionally, children 3-8 years old 
showed little change in PEP to a series of stressor tasks (Alkon et al., 2003).  However, it 
seems by age 8 to 10, children may be able to launch their SNS activation (Allen & 
Matthews, 1997; Matthews et al., 2002; see Quigley & Stifter, 2006).  
 Uninhibited children were expected to show greater parasympathetic reactivity than 
inhibited children.  Contrary to predictions, the analyses with baseline and phasic RSA 
revealed no significant differences. Consistent with the increase in arousal shown when 
engaging in a competitive game for rewards (Donzella et al., 2000), a highly uninhibited style 
was expected to be related to shorter PEP while playing the computer game. However, PEP 
did not differ when playing the passive avoidance computer game.  Since no difference was 
found on the computer task performance for inhibited and uninhibited individuals, it is 
possible that the game was not found to be rewarding.  Indeed, because the game was 
programmed to proceed quickly on the computer, we could not time any rewards and 
punishments to coincide with performance.  Thus, only an auditory signal was played when 
the participants were successful and unsuccessful. 
 The relations among impulsivity and measures of errors of commission were 
important, given the dearth of research attempting to discriminate measures of inhibition and 
reward/punishment tasks.  White et al. (1994) had not included any tasks that measured errors 
of commission. The present study found the further the child continued on the card-playing 
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task despite further losses the greater behavioral impulsivity (i.e., impatience/impersistence) 
was evinced.  This relation could be an early indicator of behavior problems, where a reward-
dominant style is combined with hyperactivity (Fowles & Dindo, 2009).  Drawing heavily 
upon the theoretical framework of Gray’ s motivational model combined with Porges’s 
polyvagal theory of emotion regulation, Beauchaine (2001) proposed an integrative model of 
autonomic nervous system activity underpinning emotional and behavioral predispositions. 
According to this integrative model, Gray’s motivational model as reflected in BAS and BIS 
falls under SNS control. He further argued that both fight and flight behaviors are mediated 
peripherally by the SNS, and that theories of appetitive and aversive motivation such as 
Gray’s motivational model need to be considered together in order to account for the 
predominant response set (approach vs. avoidance) that characterizes varied forms of 
psychopathology (Beauchaine, 2001).  Consistent with attenuated levels of PEP (i.e., 
lengthened PEP), which Beauchaine et al. (2007) documented in preschoolers with clinical 
levels of conduct problems, we found attenuated levels of PEP associated with behavioral 
impulsivity.  Indeed, Beauchaine’s (2001) integrative model predicts heightened BAS for 
appetitive behavior tendencies of aggression and impulsivity which are considered to be the 
behavioral manifestations of disinhibition. Beauchaine (2001) further argued that an under-
responsive central reward system resulting in a chronically frustrated mood state, coupled 
with deficient vagal modulation of emotion, leads to the sensation-seeking and aggressive 
behaviors of conduct disorder.  However, externalizing symptoms, in the present study, were 
not related to any of the physiological measures in the present study.   
 A general lack of reflection in tasks involving rewards and punishments has also been 
considered in children with conduct disorder (CD; Newman et al., 1987; O’Brien & Frick, 
1996).  Because there is a lack of reflection after a punishment in impulsive people, possibly 
due to a poorly functioning BIS, it has been proposed that their behavior is more dependent 
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on rewards than on punishments.  Children with higher externalizing symptoms and children 
who were rated as more impulsive by their mothers showed poor response modulation when 
incentives (i.e., snacks) were used to reward responses during a reward/punishment go/no-go 
task.  Thus, these disinhibited behaviors were associated with a strong approach motivation 
when rewards were paired with punishers.  Arnett, Smith and Newman (1997) suggest that 
rewards are sought by the impulsive person with little delay.  This is especially true when a 
response set for reward has been established (Arnett, et al., 1997; Newman, et al., 1987), 
which was what set the reward/punishment task apart from the punishment-only task.   
O’Brien and Frick (1996) also measured reward dominance clinic-referred and comparison-
control children 6 to 13 years old using a card-playing task.  Although O’Brien and Frick 
(1996) reported that the number of trials played did not relate to the child’s impulsivity, we 
found that the number of trials played on the card-playing task was related to observed 
impatience/impersistence during the lab session.  Since O’Brien and Frick only used parent-
reports of impulsivity, this could explain why our results are different.  Further research is 
needed to understand the link between tasks that purport to measure cognitive impulsivity 
and those that measure behavioral impulsivity.  White et al. (1994) also conceded that the 
measures, which comprised what they named behavioral impulsivity, were all observer-rated 
and may have formed behavioral impulsivity due to their shared variances. In the present 
study, the two observational measures (i.e., impatience/impersistence and motor restlessness) 
correlated highly. However, the behavioral impulsivity measures were correlated with two 
tasks that measure reward dominance (i.e., reward/punishment go/no-go and card playing 
task).  Future studies into behavioral impulsivity could look into the role of reward 
dominance tasks in this construct. 
 We were not able to show that maternal-rated behavioral impulsivity correlated with 
the observer-rated measures of behavioral impulsivity in the laboratory.  White et al. (1994) 
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also found that their measure of parent-rated undercontrol did not correlate highly (highest 
correlation found was .22) with observer-rated impulsivity.  In the present study, maternal-
rated impulsivity was obtained by questionnaire, which assessed behavior exhibited by the 
child in his or her typical environment.  In the home, the child is usually not required to sit 
still and engage in structured play.  Hence, behaviors observed in the laboratory, which could 
be a novel place to most preschool-aged children, will be very different from those observed 
in the child’s home.  Children in school encounter similar structured activities as in the 
laboratory, thus creating more consistent ratings of behavior between teacher and observer 
when children enter school.  It is, therefore, important for researchers to include as many 
sources as possible in rating behaviors.   
 A surprising finding was shown with one of the impulsivity measures.  Although the 
circle drawing time under slow instructions was unrelated to externalizing symptoms, it was 
related to internalizing symptoms; children who had more internalizing symptoms drew more 
slowly.  Bachorowski and Newman (1990) found that participants who scored high on 
introversion and neuroticism completed the circle tracing slower than did participants who 
scored high on extraversion and on neuroticism.  In fact, an introverted personality and 
greater internalizing symptoms are each characterized by high levels of anxiety. This is the 
first known study to show this is true for young children. 
 Our findings should be interpreted cautiously based on several limitations.  First, the 
sample size was small and comprised mainly of Caucasians from middle to upper-middle 
class families.  Therefore, the generalizability of the results is limited.  Indeed, future 
research should attempt to clarify the role of autonomic activity and reactivity in inhibited 
and uninhibited groups from disadvantaged backgrounds (Krenichyn, Saegert, & Evans, 
2001), particularly with regard to temperament.  Second, the present study assessed 
autonomic activity in the laboratory only.  Zahn and Kruesi (1993) suggested that the 
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autonomic activity and behavior link may be dependent upon the situational or social 
contexts in which they were observed.  For example, behavioral measures may be more 
strongly related to autonomic measures when obtained in the same environment. Third, in the 
present study, children were not selected based on a display of extremes in temperament; 
therefore these children may be quite average in temperament.  Thus, the extreme ends of the 
scale may be important in predicting future psychopathology.  Future research should 
investigate the cognitive and behavioral factors that influence continuity in child 
temperament, and whether these changes in temperament also change the risk for 
psychopathology.  
 The present study is unique in that both branches of the autonomic nervous system 
that innervate a single organ were measured. In prior research, the role of the sympathetic 
branch of the peripheral nervous system had been difficult to ascertain when each branch was 
measured separately.  The present pattern of results as regards impulsivity and behavioral 
inhibition indicate the necessity for simultaneous assessment of both autonomic branches for 
conclusions about the relationships between autonomic functioning and externalizing as well 
as internalizing psychopathologies characterized by disinhibition. Also, the present study is 
one of a few studies (White, et al., 1994) to examine the relations among impulsivity and 
other disinhibition measures.  Our study builds on White et al.’s (1994) results by showing 
these relations in younger children and with a cohort of both boys and girls. With the present 
study’s small sample size, it was not determinable whether behavioral inhibition and 
behavioral impulsivity were separable constructs.  A small and nonsignificant correlation was 
found, which could signify that they are measures of a larger construct.  The fact that they are 
not strongly related may mean they are sub-domains of an encompassing construct.  Two 
measures of a domain are not typically highly interrelated, especially if the measures assess 
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risk of the development of psychopathology.  Indeed, the combination of the two could 
indicate a risk for psychopathology (Rothbart et al., 1995). 
 The present study has implications for the development of externalizing behaviors. An 
uninhibited style was related to lower heart rate levels and to low initial reactivity when 
engaging in a social interaction with a stranger. It has been suggested that a behavioral 
uninhibited style may predispose children to fail to receive the parents’ message and, as a 
result, may be at risk for a cold interpersonal style lacking an empathetic response.  For 
example, fearless children more often than fearful children developed a conscience at a later 
age (Kochanska, 1993).  However, successful development of conscience was achieved for 
both fearful and fearless children with different parenting techniques tailored for each.  
Kochanska’s (1993) findings demonstrate that temperament can organize the development of 
conscience, but it is neither a necessary nor a fixed influence (see Marshall, Fox, & 
Henderson, 2000).  Of particular importance to the present study, inhibitory control (e.g., 
self-control) contributed to the development of conscience (Kochanska, Murray, & Coy, 
1997).  
 In conclusion, children who are very outgoing and extraverted seem to show a distinct 
physiological response to situations that tap their outgoing nature, such as interacting with a 
stranger.  However, this socially outgoing behavior is not highly related to being restless, 
trying to move ahead in activities rapidly, interrupting people, and being impatient when 
engaging in structured tasks.  Instead, being restless and impatient was related to an 
orientation toward gaining rewards without weighing the possible loss that could result.  This 
is consistent with an overactive BAS or underactive BIS, such that being restless and 
impatient was associated with a low level of sympathetic arousal which may make these 
restless and impatient children take risks. Thus, including measures of disinhibitory behaviors 
in young children may be useful in predicting risk for psychopathology.  
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Research Highlights: 
 Reactivity in PEP to a stranger differentiated behaviorally uninhibited and inhibited 
children 
 Like in adults, externalizing and behavioral impulsivity were related to a reward-
dominant response style 
 Further, behavioral impulsivity was related to low sympathetic activity at rest 
 This study shows that disinhibited behaviors can be identified early 
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Table 1 
 
Mean Ratings and Performance on Participant-Completed Tasks 
 
Tasks    M SD  N 
 
CBCL RATINGS 
Maternal-rated Internalizing    4.45  3.12  33  
Maternal-rated Externalizing  9.33  6.43  33 
 
IMPULSIVITY MEASURES 
Card playing task     12.13  6.13  38 
Circle drawing task     47.53  45.08  38 
Passive Avoidance Task   1.95     2.66  38 
Commission errors-Reward/punishment 0.21  0.47  38 
Commission errors-Punishment 0.39  0.64 38   
Impatience/Impersistence   0.07  0.10  38 
Motor restlessness    0.42  0.21  38 
Maternal-rated Impulsivity    0.80  0.42  34 
 
UNINHIBITED TEMPERAMENT 0.67  0.27  38 
 
PHYSIOLOGICAL MEASURES 
Heart Period 
 Baseline   620.95  54.54  36 
 Interview   601.04  49.85  37 
 Passive Avoidance Task  642.07  56.47  37  
Respiratory Sinus Arrhythmia 
 Baseline   6.34  0.98   36 
 Interview   5.83  0.95   37 
 Passive Avoidance Task  6.49  1.05  37 
Pre-ejection Period 
 Baseline   74.05  7.38   34 
 Interview       74.21  8.20   35     
Passive Avoidance Task  73.01  8.58  33 
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Table 2 
 
Intercorrelations Among Impulsivity Measures 
    
Scale    2 3 4 5 6 7 8 
 
Cognitive Impulsivity 
 
1. Card playing task   .21       .12      .46**   .30       -.18       .21     -.16 
 
2. Circle drawing task   -.12    .15      -.04        .23      -.13      .09 
 
 
Behavioral Impulsivity 
 
3. Maternal Impulsivity    -.01    -.04      .08       .40* -.36* 
 
4. Impatience/impersistence    .36* .01 .05        -.09 
 
5. Motor restlessness                    -.11      .28         .17 
 
Commission Errors Tasks 
 
6. Passive Avoidance       -.15  .10 
 
7. Reward/Punishment        .17 
 
8. Punishment Only           - 
 
*p < .05 
**p < .01 
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Table 3. 
 
Correlations among Impulsivity and Other Disinhibited Behaviors. 
       
Measures Uninhibited 
temperament 
Internalizing Externalizing  
Card playing task .06 -.06 .01 
Circle drawing task -.06 -.24 -.23 
Cognitive Impulsivity 
Composite 
-.00 -.11 -.03 
Maternal Impulsivity .13 .11 .74*** 
Impatience/Impersistence .06 -.40* -.30 
Motor Restlessness .21 -.15 .00 
Behavioral Impulsivity 
Composite 
.26 -.23 .23 
Passive Avoidance -.25 .36* .03 
Commission Errors- 
Reward/Punishment 
.07 .14 .48* 
Commission Errors- 
Punishment Only 
.07 .06 -.13 
 
 *p < .05; ***p < .001 
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Figure Captions  
 
Figure 1. Plot of the within- and between-subjects interaction between time and temperament in 
the responding of pre-ejection period (in ms) to the interview with a novel experimenter.  
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